Abstract
The objective of this study was to develop a bearing model which can be combined with shafts, gears etc. to virtually investigate the motion and loading of the elements in the bearing. Models for ball, cylindrical and tapered rolling bearing dynamics have been designed, developed and combined with rigid and flexible shafts subject to various loading conditions and eccentric masses. The results from this investigation demonstrated that for rotating shaft bearing systems, the motion and the loads on the rolling elements are significantly different than that predicted by static and / or quasi-static type analysis. Results from shaft bearing system, where shaft may be supported by combinations of ball and rolling element bearings will be demonstrated. Cage motion and stability under various load and speed combinations will be discussed.
Summary
A model was developed to investigate the dynamics of deep groove and angular contact ball bearings operating under various conditions. In order to achieve the objectives the discrete element method was used to describe the motion of various elements in a bearing. Figure 1 depicts that a ball bearing consists of an inner race, an outer race, several balls and a cage. In this model each of the bearing elements have six degrees of freedom. In order to determine the position of each element in the bearing, the equation of motion (i.e. sum of the forces and moments) for all of the elements were discretized and integrated using the Runge-Kutta fourth order method with variable step size. The point contact Hertzian force deflection relationship was used to describe the contact between the balls and all other elements within the bearing. In this case the discrete shaft was modeled in ADAMS. However, in order to gain better understanding of the bearing performance of flexible bearing shaft system, a model of a flexible shaft was developed in ANSYS and coupled with the dynamic bearing model. Figure 4 depicts the results for a flexible shaft which contains an eccentric mass at the center. Again as expected the bearing loads follow the eccentric mass, however, in this case due to the flexibility of the shaft the bearing loads are tilted at the top and the bottom of the bearing. Figure 5 illustrates the results for a flexible overhung shaft. In this case, the bearing loads for the left bearing are tilted to support the applied load and the right bearing are tilted to the right as expected. Please also note the bearing on the left supports more of the applied load. In this case, the shaft stresses are also depicted and the shaft load is such that the balls at the top of the left bearing do not support any load.
In conclusion, a dynamic bearing model that can be coupled to flexible shafts was developed and tested under various conditions. The model follows the behaviors expected from a shaft bearing system.
